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Summary
Objective: The purpose was to evaluate the association between estimated joint stress from physical activity (PA) and hip/knee osteoarthritis
(OA).
Design: A nested case-control study was performed using data from the Aerobics Center Longitudinal Study. Participants without
self-reported OA at baseline who attended the clinic between 1974 and 1993 and returned a follow-up questionnaire in 1990 or 1995 were
eligible. Cases were those who reported a physician diagnosis of OA of the knee and/or hip at follow-up (N=415). A random sample of
persons in the remaining cohort were classified as controls (N=1995). PA was measured at baseline by self-report and subjects were
classified as ‘moderate/high’ or ‘low’ joint stress by PA type. Those reporting no PA were classified as sedentary with ‘no’ joint stress (the
reference group). Men and women were analyzed separately. Stratified analysis and multiple logistic regression were used to assess the
relationship between hip/knee OA and joint stress as predicted by PA.
Results: After adjustment for age, body mass index, years of follow-up, and history of hip/knee joint injury, among men, there was no
association between hip/knee OA and low joint stress while moderate/high joint stress was associated with reduced risk of hip/knee OA
(adjusted odds ratio (OR)=0.62, 95% confidence interval (CI)=0.43–0.89). Among women, both levels of joint stress were associated with
reduced risk of hip/knee OA (OR=0.58, 95% CI=0.34–0.99 for low and OR=0.24, 95% CI=0.11–0.52 for moderate/high).
Conclusions: PA may reduce the risk of hip/knee OA, especially among women. Further research should assess the combined effects of
frequency, intensity, duration and joint stress level of PA on incidence of hip/knee OA. © 2002 OsteoArthritis Research Society International.
Published by Elsevier Science Ltd. All rights reserved.
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Even though regular physical activity (PA) provides multiple
health benefits, 60% of Americans do not exercise often
enough to achieve these positive outcomes1. Physical
inactivity is thus a major public health problem in the United
States and many public health agencies, physicians and
other health professionals are encouraging sedentary
Americans to engage regularly in at least moderate-
intensity PA, such as brisk walking, for at least 30 minutes617on most days of the week1,2. The problem of osteoarthritis
(OA), the major cause of disability in the United States
today, raises an important issue for clinicians and the
general public relative to PA: might the benefits of exercise
be greatly reduced by a consequent rise in hip and knee
OA3–5? At present, the relationship between leisure-time
PA and hip/knee OA is not clearly understood but epi-
demiologic evidence indicates that long-term, vigorous,
high-load torsional activities (such as football and soccer)
may be risk factors for lower extremity OA while moder-
ate activities, including regular running, may not be6.
Buckwalter and Lane7 propose that it is the frequency of
impact and torsional joint loading in PA that influences the
development of OA, but more information is needed to
clarify the role of joint stress. Such information is vital for
informing the public about which kind of PA will provide the
most benefit with the least amount of risk for injury, OA, and
musculoskeletal-related disability. To address this issue, we
evaluated the association between level of joint stress (as
618 L. Q. Rogers et al.: Arthritis and joint stress from physical activitypredicted by type of PA) and hip/knee OA in a sample of
healthy men and women with a broad range of PA levels.
Methods
STUDY DESIGN
We conducted a nested case-control study using data
from the Aerobics Center Longitudinal Study (a prospective
epidemiologic investigation of lifestyle and health in the
patient population of the Cooper Clinic in Dallas, Texas).
Study participants were self-referred for preventive medical
examinations, physical fitness assessments, and lifestyle
counseling. The study design has been reported in detail
elsewhere8,9. For this analysis, each subject completed a
baseline medical examination between 1974 and 1993 and
at least one follow-up questionnaire (in 1990 or 1995).
Subjects (aged 20 to 87 years) were mostly college gradu-
ates (73%), male (80%), and white (99%). Complete data
were available for 7181 participants. Of those without a
self-reported diagnosis of arthritis at baseline, we selected
as cases (N=524) participants who reported a physician
diagnosis of hip/knee OA on the follow-up survey. We then
chose a random sample of the remaining cohort who did
not report OA as the controls (N=2133). To allow sufficient
time for developing arthritis symptoms, participants with
less than 2 years of follow-up were excluded (N=157). The
remaining 415 cases and 1995 controls were analysed for
this report.PHYSICAL ACTIVITY EXPOSURE
The exposure of interest was joint stress (moderate/high,
low, or none) estimated from type of PA. Baseline PA was
measured using a series of questions about participation in
specific physical activities within the past 3 months. The
criteria of Buckwalter and Lane7, which are based on
intensity, frequency, and rate of joint injury, impact and
torsional loading, were used to classify PA by level of joint
stress (see Table I). Those who reported no participation in
physical activities were classified as sedentary (no joint
stress) and used as the referent group. Subjects were
divided into two groups based on whether the reported
activities had a ‘low’ or ‘moderate/high’ level of impact and
torsional loading of joints. Moderate and high joint stress
activities were combined because of small sample size
(only five men and four women with OA reported moderate
joint stress activities). Subjects who reported both low and
moderate/high joint stress activities were classified as
moderate/high joint stress.POTENTIAL CONFOUNDERS
Seven potential confounders for the association between
joint stress and hip/knee OA were obtained at baseline:
age, sex, body mass index (BMI), reported weight at age
21, smoking status, and self-reported history of hip/knee
joint injury. Age was classified into four groups (20–39,
40–49, 50–59, 60 plus). BMI was calculated from
measured height and weight (weight in kg/height in m2) and
was dichotomized into normal (less than 25) and
overweight/obese (greater than or equal to 25)10. Weight at
age 21 was subtracted from baseline weight to determine
weight gain. The change in weight was dichotomized as
less than 5 kg and greater than or equal to 5 kg. Smoking
status was categorized as current/ever and never. Self-
reported history of joint injury was dichotomized as pres-
ence or absence of history of hip and/or knee injury. At
follow-up, subjects were asked how often they had seen a
physician in the 12 months prior to the interview for a
check-up or medical treatment. The responses were
dichotomized into no visits and one or more visits. Also at
follow-up, women were asked whether they had ever used
estrogen/hormone replacement therapy (yes, no). Study
follow-up time was dichotomized as less than 10 years and
greater than or equal to 10 years. For descriptive purposes,
cardiorespiratory fitness (measured at baseline by an 85%
maximal treadmill exercise test) was classified in quintiles
based on age and sex-specific data for total treadmill time
in seconds: the categories were least fit (lowest quintile),
moderately fit (middle two quintiles), and most fit (two
highest quintiles)9. Although cardiorespiratory fitness was
evaluated for descriptive purposes, we did not adjust for it
because we considered it a surrogate measure of PA.DATA ANALYSIS
Crude odds ratios (ORs) and 95% confidence intervals
(CI) for hip/knee OA were calculated for the moderate/high
joint stress and low joint stress groups in comparison with
the referent group (sedentary). Based on strong evidence
supporting gender differences in the association between
PA and OA11–14, we analysed the data separately by
gender. To assess possible confounding, the association
between PA and each of the seven potential confounders
was examined among those without hip/knee OA, and the
association between hip/knee OA and each potential con-
founder was examined among those in the sedentary
(unexposed) group. Each confounder found to be signifi-
cantly (alpha=0.05) associated both with hip/knee OA
among sedentary subjects and PA among controls was
included in the adjusted model. Unconditional multiple
logistic regression was used to assess the interaction
between hormone replacement therapy and the PA-OA
relationship using the likelihood ratio test15 and, while
controlling for age, BMI, years of follow-up, and history of
joint injury, to evaluate the association between PA and OA.
The continuous variable for age, BMI, and years of
follow-up were used in the adjusted logistic regression
models.Table I
Classification of physical activity by level of joint stress*
Low joint stress Moderate/high joint stress
Walking (N=710)† Bicycling (not stationary) (N=86)
Treadmill (N=26) Aerobic dancing (N=79)
Stationary cycling (N=33) Weight training (N=207)
Swimming (N=81) Jogging (N=667)
Vigorous racquet sports (N=72)
Soccer and/or basketball (N=72)
*Based on Buckwalter and Lane7.
†Number of subjects reporting activity; subjects may have
reported more than one activity.Results
Of the 2410 subjects analysed, 32% (N=771) were
sedentary, 32% (N=775) reported only activities associated
with low joint stress, and 36% (N=864) reported activities
Osteoarthritis and Cartilage Vol. 10, No. 8 619associated with moderate/high joint stress. The character-
istics of cases and controls, stratified by gender, are
presented in Table II.
From the stratified analysis of potential confounders,
only age, BMI, history of joint injury, and years of follow-up
emerged to be adjustment variables in the regression
models. None of these variables significantly modified the
relationship between PA and OA according to the likelihood
ratio test. The crude and adjusted ORs for each level of
joint stress stratified by gender are shown in Table III.
Activities associated with moderate/high joint stress were
associated with the lowest risk of hip/knee OA among both
men and women in both the crude and adjusted models. In
the adjusted model, activities associated with low joint
stress were associated with reduced risk of hip/knee OA
among women only.Table II
Characteristics of subjects with hip/knee osteoarthritis (OA) and their controls stratified by gender, Aerobics
Center Longitudinal Study
Characteristic Men Women
OA (N=306) No OA (N=1521) OA (N=109) No OA (N=474)
N % N % N % N %
Age (years)
20–39 47 15.4 478 31.4 18 16.5 161 34.0
40–49 107 35.0 596 39.2 35 32.1 178 37.6
50–59 98 32.0 332 21.8 41 37.6 104 21.9
60 plus 54 17.6 115 7.6 15 13.8 31 6.5
Smoker
Current or ever 197 64.4 829 54.5 48 44.0 199 42.0
Never 99 32.3 642 42.2 58 53.2 260 54.8
Missing 10 3.3 50 3.3 3 2.8 15 3.2
Prior knee or hip injury
Yes 3 1.0 34 2.2 1 0.9 7 1.5
No 303 99.0 1487 97.8 108 99.1 467 98.5
BMI (baseline)*
> or=25 165 53.9 728 47.9 25 22.9 59 12.5
< 25 104 34.0 616 40.5 60 55.1 356 75.1
Missing 37 12.1 177 11.6 24 22.0 59 12.5
Weight gain (kg)
<5 103 33.7 560 36.8 27 24.8 216 45.6
>=5 139 45.4 668 43.9 42 38.5 158 33.3
Missing 64 20.9 293 19.3 40 36.7 100 21.1
Prior physician visit
Yes 273 89.2 1176 77.3 106 97.3 427 90.1
No 18 5.9 197 13.0 1 0.9 27 5.7
Missing 15 4.9 148 9.7 2 1.8 20 4.2
Years of follow-up
<10 179 58.5 784 51.5 75 68.8 276 58.2
> or=10 127 41.5 737 48.5 34 31.2 198 41.8
Prior hormone use
Yes — — — — 73 67.0 254 53.6
No — — — — 34 31.2 209 44.1
Missing — — — — 2 1.8 11 2.3
Physical activity
None (sedentary) 98 32 489 32 46 42 138 29
Low joint stress 132 43 395 26 49 45 199 42
Moderate or high joint stress 76 25 637 42 14 13 137 29
Baseline fitness
Least fit 47 15.4 185 12.2 25 23.0 63 13.3
Moderate fit 128 41.8 589 38.7 42 38.5 151 31.9
Most fit 131 42.8 747 49.1 42 38.5 260 54.8
*Weight kg/height m2.Discussion
Among men, activities (such as jogging and racquet
sports) involving moderate/high joint stress were associ-
ated with a 38% reduction in hip/knee OA risk as compared
with those reporting no activities; no association was
observed for activities (such as walking) involving low joint
stress. Among women, both moderate/high and low joint
stress were associated with reduced hip/knee OA risk,
with a greater reduction provided by moderate/high joint
stress activities (76% vs 42%, but the ORs did not differ
significantly).
Our results must be compared cautiously with those of
prior studies because of the differences in outcome and
exposure measurement. For example, no other studies
evaluating PA and hip/knee OA have classified PA by
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Crude and adjusted odds ratios for hip/knee osteoarthritis (OA) associated with level of joint stress, stratified by
gender, Aerobics Center Longitudinal Study
Exposure OA (N=415) No OA (N=1995) Crude OR
(95% CI)
Adjusted OR*
(95% CI)
N % N %
Men (N=1827)
Moderate/high 76 25 637 42 0.60 (0.43–0.82) 0.62 (0.43–0.89)
Low 132 43 395 26 1.67 (1.24–2.24) 1.30 (0.94–1.80)
None† 98 32 489 32 1.0 (reference) 1.0 (reference)
Women (N=583)
Moderate/high 14 13 137 29 0.31 (0.16–0.58) 0.24 (0.11–0.52)
Low 49 45 199 42 0.74 (0.47–1.17) 0.58 (0.34–0.99)
None† 46 42 138 29 1.0 (reference) 1.0 (reference)
*Adjusted for age, BMI, history of knee or hip injury, and years of follow-up.
†Sedentary.degree of joint stress, perhaps helping to explain their
inconsistent results11–14,16–24. Of note, patients with OA
may over-report prior PA exposure because they perceive
that PA caused their OA (an example of selective recall
bias), potentially increasing the risk estimates. Because
such a bias threatens most case-control studies, one
should focus on the recent cohort studies evaluating the
association between PA and OA13–14,20–22. Hart et al.14
followed for 4 years 715 women (mean age, 54 years) who
were free of radiographic knee OA at baseline, classifying
PA as walking, job, or sport. Results showed no association
between incident knee OA and PA and walking protected
against joint space narrowing (OR=0.4, 95% CI=0.2–0.9).
Of the other cohort studies, three used the well-known
Framingham cohort20–22. In the earliest study22, no associ-
ation was found between a weighted daily PA index, resting
pulse rate, or forced expiratory volume in one second
measured during middle age and subsequent radiographic
knee OA. Later, Felson et al.20 reported that elderly per-
sons in the highest quartile of PA (on the PA index) at a
baseline examination had over three times the risk of
developing radiographic knee OA when compared with
those in the lowest quartile. Most recently, McAlindon
et al.21 reported that elderly persons with very high levels of
PA (4 or more hours of heavy PA/day) were at increased
risk of both incident radiographic and symptomatic knee
OA. On the other hand, moderate and light levels of PA,
blocks walked and flights of stairs climbed were not associ-
ated with knee OA. Finally, a recent prospective study of
16,961 subjects by Cheng et al.13 utilizing the Cooper
Clinic data demonstrated that repetitive loading (running
>20 miles/week) might be important in the development of
OA, especially in men under 50. Of note, this study only
evaluated running and walking and did not consider all
types of PA as an estimate of level of joint stress. This study
also did not adjust for the effects of previous joint injuries.
As the high levels of impact or torsional loading required
to damage a normal joint (i.e. one without joint injury,
biomechanical malalignments, or instability) are not usually
present in moderate PA, one can appreciate that adaptive
or training effects of PA might protect against OA. For
example, animal studies have suggested that PA can
change the composition and mechanical properties of
articular cartilage, reflecting adaptation to the repetitive
motion rather than early degenerative changes7. This
response may protect against ‘wear and tear’ injury of the
joint. In addition, increased muscle strength stabilizes joints
and helps to protect joint surfaces from impact and tor-sional loads and can reduce symptoms for patients with
OA7,23. In their longitudinal study, Lane et al.24 found that
after 9 years non-runners had significantly narrowed joint
spaces but runners did not, possibly a reflection of higher
muscle strength among the runners. Our subjects reporting
participation in PA most probably had greater muscle
strength than sedentary participants, thus contributing to
the protective effect of PA we found.
The gender differences in the association between PA
and OA in this study are also biologically plausible. It is well
known that post-menopausal women have a higher risk of
OA than men, possibly related to hormonal changes during
menopause associated with estrogen deficiency6,23,25,26.
This increased risk involved greater rates of symptomatic
disease, not of objective radiologic findings26. Conceivably,
women in this study had less baseline muscle strength than
men, resulting in greater symptomatic OA. Because of their
lower muscle strength, women would respond more sub-
stantially to any form of activity, and thus the protective
effect of all levels of PA would be greater among women.
Also, adolescent boys engage in more vigorous sports
activity than girls1. Perhaps this higher exposure increases
the likelihood of subclinical/undiagnosed joint injury contrib-
uting to an increased risk of subclinical/undiagnosed OA
later in life, causing such men to choose activities with low
joint stress and contributing to the OR of 1.30 we found for
such activities in men.
There are several limitations to this study. First, the
self-referred population of the Cooper Clinic participants we
studied is not representative of the general population, as
the majority of subjects were educated and white. This
should not discount the associations observed, however,
because the cases and controls were identified from the
same population, reducing the chance of selection bias. A
second limitation is that moderate and high joint stress
could not be analysed separately because of the small
number of cases (i.e. only five men and four women)
exposed to moderate joint stress. Nevertheless, our
sample size in the strata reported provided 80% or greater
power to detect a 50% change in disease risk. Third,
information on frequency, duration, and intensity of PA was
not available for all subjects, preventing complete classifi-
cation of the total volume of PA and repetitive loading
aspect of joint stress. Fourth, hip and knee OA could not be
analysed separately, a concern because specific types of
PA may affect the knee and hip differently. All of these
classification issues would be expected to be non-
differential by disease status, thus biasing the risk estimate
Osteoarthritis and Cartilage Vol. 10, No. 8 621toward the null value. A final concern is that residual
confounding may remain because of several factors. Infor-
mation on weight gain was missing on 20% of the partici-
pants, and data on other sources of PA (household,
occupational, etc.) and family history of OA were not
available. We note, however, that the great majority of the
well-educated men and women in this cohort were
employed in executive or professional jobs. Finally, we did
not have information on whether subjects who chose low
joint stress activities did so because of mild joint discomfort
or biomechanical physical attributes likely associated with a
higher risk of OA unrelated to PA performance7. Such a
situation would potentially lower our risk estimates for
moderate/high joint stress activities and increase the
estimates for low joint stress activities.
Its potential limitations not withstanding, the Cooper
Clinic database possesses multiple strengths. Most import-
ant for our purposes, the survey used to obtain PA was
administered before the diagnosis of hip/knee OA and
‘incident’ cases were used. This increases the certainty of
the temporal sequence, thus, avoiding recall bias which
frequently threatens the validity of case-control studies and
selective survival bias found with cross-sectional studies. In
addition, the survey questions used to classify joint stress
associated with PA have been used in previous studies of
chronic disease mortality and morbidity and correlate highly
with cardiorespiratory fitness8,9,27. Regarding our case
definition, excellent validity of similar questions concerning
other self-reported physician-diagnosed conditions (e.g.
hypertension sensitivity of 98% and specificity of 99%) has
been confirmed in the Cooper Clinic population27. Cheng et
al.13 found that self-reported physician diagnosis of OA
substantially agreed with medical record documentation
(kappa coefficient=0.68). Although the definition of OA
used in this study did not include radiographic confirmation
of disease, whether OA is symptomatic may be more
important relative to PA participation. The fact that not all
individuals with radiologic OA have symptomatic OA and
vice versa supports this approach23. The fact that the
patient population was of a higher socioeconomic status
and thus may have had better access to medical care,
while decreasing the study’s representativeness, has the
benefit of reducing the potential for missing cases. Over
90% of our participants reported seeing a physician in the
12 months prior to the follow-up survey. In addition, our
sample size was much larger than in most other studies
and allowed us to stratify by gender. Finally, information on
the confounders (age, BMI, prior knee/hip injury, smoking
status, weight gain since age 21, prior physician visit, and
estrogen use) was available for most subjects. Because
prior joint injury is a major risk factor for OA, adjustment for
this variable is especially important6.
In summary, the current study shows that PA may reduce
the risk of OA, especially among women, and activities
associated with moderate/high joint stress may provide the
greatest benefit. These results support the importance of
knowing how much PA associated joint stress is involved in
a particular type of PA when one assesses the association
between PA and OA. They also demonstrate that PA is a
potential modifiable risk factor for self-reported physician-
diagnosed hip/knee OA. Clearly, additional research is
needed to assess all components of PA (type, frequency,
duration and intensity) as well as the effects of cardiores-
piratory fitness to further determine which aspects of PA are
most likely to reduce or increase risk of OA. More accurate
measures of joint stress level are needed for such
research. In the meantime, health educators and cliniciansshould continue to encourage healthy people to engage in
regular PA (in accordance with current national guide-
lines)1,2, because it has many benefits and few negatives,
with no conclusive evidence that moderate PA increases
the risk of developing OA.References
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